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ABSTRACT 
Three p l t c h  based g r a p h l t e  f l b e r s  w l t h  d l f f e r e n t  degrees o f  
g r a p h i t i z a t i o n  and one p o l y a c r y o n i t r l l e  (PAN)  based carbon f l b e r  f rom Amoco 
C o r p o r a t i o n  were t r e a t e d  w l t h  1 atm, room tempera tu re  f l u o r l n e  gas f o r  90 h r  
each. F l u o r l n a t l o n  r e s u l t e d  I n  hlgher e l e c t r i c a l  c o n d u c t l v l t y  f o r  a l l  p l t c h  
f l b e r s .  F u r t h e r  b r o m l n a t l o n  a f t e r  amblent c o n d l t l o n  d e f l u o r l n a t l o n  r e s u l t e d  
I n  f u r t h e r  Inc reases  I n  e l e c t r i c a l  c o n d u c t l v l t y  f o r  l e s s  g r a p h l t l z e d ,  l e s s  
s t r u c t u r a l l y  o rde red  p l t c h  f l be rs  (P-55) which c o n t a l n  about 3 percen t  
f l u o r l n e  by w e i g h t  b e f o r e  bromlnat lon.  
a l r ,  o r  100 p e r c e n t  h u m l d l t y  a t  60 "C. Due t o  I t s  l ow  cos t ,  t h l s  l e s s  
T h i s  p r o d u c t  can be s t a b l e  i n  200 "C 
g r a p h l t l z e d  f l b e r  may be u s e f u l  f o r  I n d u s t r i a l  a p p l l c a t i o n ,  such as a l r f o l l  
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e d e i c e r  m a t e r i a l .  The same brominat lon process, however, r e s u l t e d  i n  
LLt c o n d u c t l v l t y  decreases f o r  f l u o r l n e  r l c h ,  more g r a p h i t l z e d ,  s t r u c t u r a l l y  
ordered p l t c h  f i b e r s  (P-100 and P-75). Such decreases I n  e l e c t r i c a l  
c o n d u c t l v l t y  were p a r t l a l l y  reversed by h e a t i n g  t h e  f l b e r s  a t  185 " C  i n  a l r .  
D l f f e r e n t i a l  scanning c a l o r l m e t r l c  (DSC) d a t a  i n d i c a t e d  t h a t  t h e  more 
g r a p h i t i z e d  f l b e r s  (P-100) conta lned BrF3,  whereas t h e  l e s s  g r a p h i t i z e d  
f i b e r s  (P-55) d i d  n o t .  DSC da ta  a l s o  showed t h a t  some exothermic r e a c t i o n s ,  
presumably t h e  r e a c t i o n  between carbon and f l u o r l n e  t o  f o r m  c o v a l e n t  bonds, 
s t a r t  a t  120 " C  f o r  l e s s  g r a p h l t l z e d  f i b e r s  (P -55 ) .  The w e j g h t  da ta  suggests  
t h e  f l u o r l n e  t o  carbon atom r a t l o  was 3 f o r  more g r a p h l t l z e d  f i b e r s  (P-100). 
and 1 o r  2 f o r  l e s s  g r a p h i t i z e d  f i b e r s  (P-55) .  F l u o r l n a t i o n  reduces t h e  
e l e c t r i c a l  c o n d u c t i v i t y  o f  PAN based carbon f i b e r s  (T-300) .  Under h i g h  
temperature vacuum hea t ing ,  t h i s  f l u o r i n a t e d  PAN f i b e r s  r e t u r n e d  t o  t h e  mass 
and c o n d u c t i v i t y  o f  t h e i r  p r i s t i n e  va lues.  
INTRODUCTION 
B r o m i n a t i o n  o f  Amoco P-100 g r a p h i t e  f i b e r s  r e s u l t s  I n  a 5 - f o l d  i n c r e a s e  
I n  e l e c t r i c a l  c o n d u c t i v l t y  (Refs.  1 and 2 ) .  The bromlnated f l b e r s  a r e  
p o t e n t i a l l y  u s e f u l  i n  f a b r i c a t i n g  m a t e r i a l s  f o r  e lec t romagne t i c  i n t e r f e r e n c e  
s h i e l d i n g ,  a i r c r a f t  l i g h t e n i n g  s t r i k e  p r o t e c t l o n ,  and a i r c r a f t  d e i c i n g  
( R e f .  1 ) .  Halogenat ion o f  g r a p h i t e  f i b e r s  by o t h e r  than bromine i s  n o t  w e l l  
understood.  However, h i g h l y  g r a p h l t i z e d  g r a p h l t e  m a t e r i a l s  can a l s o  be 
I n t e r c a l a t e d  w l t h  f l u o r i n e  i n  t h e  presence o f  meta l  f l u o r i d e s  a t  room 
temperature,  w i t h  up t o  a f a c t o r  o f  11 i n c r e a s e  I n  c o n d u c t l v l t y  (Re fs .  3 t o  6 ) .  
I n  o r d e r  t o  determine I f  f l u o r i n e  i n t e r c a l a t e d  f l b e r s  a r e  b e t t e r  t h a n  
brominated f i b e r s  i n  t e r m s  o f  c o n d u c t i v i t y  i n c r e a s e  and env i ronmenta l  
s t a b l l l t y ,  t h e  f l u o r l n a t l o n  o f  t h r e e  p i t c h  f i b e r s  w i t h  d l f f e r e n t  degrees o f  
g r a p h i t i z a t i o n  and one PAN f i b e r  i n  t h e  presence o f  CuF was s t u d i e d .  
Subsequent b romlna t ion  o f  t h e  f l u o r i n a t e d  p roduc ts  was a l s o  s t u d i e d  t o  
determine how f u r t h e r  brornlnat ion e f f e c t s  t h e  c o n d u c t i v i t y  and s t a b i l i t y  o f  
t h e  f l u o r i n e  i n t e r c a l a t e d  f i b e r s .  The p o t e n t i a l  b e n e f i t s  o f  u s i n g  t h e s e  new 
p roduc ts  i n  t h e  a p p l i c a t i o n s  descr ibed above were a l s o  d iscussed.  
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EXPERIMENTAL METHODS 
The f l b e r s  used i n  t h i s  work were Amoco P-100, P-75, P-55, and T-300 
f i b e r s .  The P-100 and P-75 a re  h i g h l y  g r a p h i t i z e d ,  s t r u c t u r a l l y  o r d e r e d  p i t c h  
f l b e r s .  The P-55 i s  a l e s s  g r a p h i t i z e d ,  l e s s  s t r u c t u r a l l y  ordered p i t c h  
f l b e r .  The T-300 i s  a PAN based carbon f i b e r .  
One gram of anhydrous c u p r i c  f l u o r i d e  (CuF ) powder was spread a l o n g  
t h e  bo t tom of a 33 cm l o n g  copper boat .  The f i b e r s  desc r ibed  above were a l s o  
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placed on the boat. One type of fiber was fluorinated In a run. The boat was 
then placed In a 2.54 by 45.72 cm nickel tube reactor. The fibers were 
fluorinated by flowing 1 atm fluorine gas through the nickel tube at room 
temperature for 90 hr. 
The samples were then transferred to the ambient conditions f o r  
defluorination. After the sample weight indicated the completion of room 
temperature defluorination, every fluorinated pitch fiber sample (P-100, P-75, 
and P-55) was divided into three parts. One sample was left in ambient 
condltions until further bromination. The other two were respectively heated 
to 185 "C for 3 days in air, and 420 "C for 3 hr followed by 520 O C  for 3 hr 
in vacuum. The heating temperature 185 "C was chosen to determine if the 
fluorinated pitch fibers could be used t o  fabricate composite materials with 
epoxy which cures at this temperature. The resulting data can also be used t o  
compare the thermal stability o f  fluorinated pitch fibers and brominated P-100 
fibers, which are stable to 200 "C in air (Ref. 1). The high temperature 
vacuum heating histogram was chosen to avoid the complication of overshoot of 
fiber temperature to much higher than 500 "C during the initial heatlng period. 
All pitch fiber samples were then placed in saturated bromine vapor at 
room temperature and pressure for 7 days. The samples were then transferred 
to the ambient condltion for debromination. After sample weight indlcated 
completlon of room temperature debromination, every brominated fiber sample 
was divided into two parts. One was left in ambient conditions, the other was 
heated t o  185 "C in air for 3 days. 
In addition to the vaporous bromination described above, liquid 
bromination of fluorinated P-55 was also conducted. This llquld brominatlon 
process and the resulting fibers are potentially useful for industrial 
application because P-55 fibers are much less expensive than P-75 and P-100 
fibers, and llquld bromine was speculated to react faster with the flbers than 
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vaporous bromlne because of i t s  h l g h e r  bromlne c o n c e n t r a t i o n .  F l u o r i n a t e d  
P-55 was lmnersed I n  l l q u i d  bromine f o r  3 days a t  room temperature.  The 
samples were then t r a n s f e r r e d  t o  t h e  amblent c o n d l t l o n s  f o r  deb romlna t ion .  
A f t e r  sample welght i n d i c a t e d  t h e  complet ion of  room tempera tu re  
debromlnat lon,  the f l b e r s  were d l v l d e d  l n t o  t h r e e  p a r t s ,  t h e y  were, 
r e s p e c t i v e l y ,  l e f t  i n  ambient c o n d l t l o n s ,  heated t o  185 "C i n  a i r  f o r  3 days, 
and heated t o  300 " C  i n  a i r  f o r  6 days. The r e s u l t i n g  f l b e r s  were a l s o  t e s t e d  
f o r  s t a b l l l t y  a t  200 "C and 100 pe rcen t  h u m i d l t y  a t  60 "C.  
The P-100 and P-55 f l b e r  samples were a l s o  examlned a f t e r  t r e a t e d  w i t h  
1 atm f l u o r l n e  a t  room temperature f o r  90 h r  w i t h o u t  add ing  CuF2 t o  t h e  
n i c k e l  r e a c t o r .  Data f r o m  t h i s  exper iment were used t o  t e l l  t h e  s i g n i f l c a n c e  
o f  CuF l n  t h e  f l u o r i n a t l o n  r e a c t i o n .  Al though a 1 I n .  s e c t i o n  o f  cooper 
tube near t h e  I n l e t  o f  t h e  f l u o r l n e  gas stream m l g h t  r e a c t  w i t h  f l u o r i n e  t o  
fo rm CuF I n  t h e  gas stream, t h e  q u a n t i t y  o f  t h e  CuF thus  formed was 
2 2 
b e l i e v e d  t o  be too s m a l l  t o  be s i g n i f i c a n t  i n  t h l s  exper lment .  
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The f l u o r l n a t e d  PAN f l b e r s  (T-300) w e r e  t r e a t e d  d l f f e r e n t l y  because 
f l u o r i n a t i o n  a f f e c t e d  t h e m  d l f f e r e n t l y .  A f t e r  t h e  sample w e l g h t  i n d l c a t e d  t h e  
comp le t i on  o f  room tempera tu re  d e f l u o r i n a t l o n ,  t h e  f l u o r i n a t e d  f l b e r  sample 
was d l v l d e d  I n t o  s i x  p a r t s .  These were, r e s p e c t i v e l y ,  l e f t  i n  t h e  amblent 
c o n d i t l o n s ,  heated o v e r n l g h t  i n  a l r  a t  50, 100, 150, and 200 "C, and heated 
f o r  3 h r  I n  vacuum a t  420 "C  f o l l o w e d  by 3 h r  l n  vacuum a t  520 "C.  
D l f f e r e n t i a l  scanning c a l o r i m e t r y  (DSC) d a t a  on f o u r  s e l e c t e d  samples 
were s tud ied .  The samples were f l u o r l n a t e d  T-300 (PAN)  f l b e r s ,  f l u o r l n e  and 
s a t u r a t e d  vaporous bromine t r e a t e d  P-100 ( h i g h l y  g r a p h l t l z e d  p l t c h )  f i b e r s ,  
f l u o r l n e  and sa tu ra ted  vaporous bromine t r e a t e d  P-55 f l b e r s ,  and f l u o r l n e  and 
l l q u l d  bromlne t r e a t e d  P-55 f l b e r s .  Each sample was scanned t w i c e  d u r i n g  
hea t ing .  
i n  t h e  sample d u r i n g  t h e  f l r s t  scan were de tec ted .  
From these da ta ,  e v a p o r a t l o n  from t h e  sample and chemlcal  r e a c t i o n  
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The e l e c t r l c a l  c o n d u c t i v i t y  and mass o f  each sample b e f o r e  and a f t e r  each 
o f  t h e  processes desc r lbed  above were measured. 
RESULTS AND DISCUSSION 
I n  t h e  DSC d a t a  ( F i g s .  1 t o  3 ) .  t h e  v e r t i c a l  d i s t a n c e  between t h e  two 
h e a t i n g  scans r e s u l t e d  f rom bo th  e v a p o r a t i o n  f r o m  t h e  sample and chemlcal  
r e a c t i o n  I n  t h e  sample d u r l n g  t h e  f i rst h e a t i n g  scan. For f l u o r l n e  and 
vaporous bromlne t r e a t e d  P-100 f i b e r s  ( F l g .  1), t h i s  v e r t l c a l  d i s t a n c e  reaches 
a maximum va lue  near 135 O C ,  t h e  b o i l i n g  p o i n t  o f  B r F  But for f l u o r l n a t e d  
P-55 f i b e r s ,  which were subsequently bromlnated by vaporous ( F i g .  2 )  or l i q u l d  
( F i g .  3 )  bromlne, no such maximum value can be observed, sugges t lng  t h a t  v e r y  
l l t t l e  B r F  was i n  these f l b e r s .  Instead,  i t  shows an exothermlc r e a c t l o n  
s t a r t l n g  a t  about 120 "C.  I t  i s  speculated t h a t  t h e  f o r m a t l o n  o f  
c a r b o n - f l u o r l n e  c o v a l e n t  bonds l s  r e s p o n s i b l e  f o r  t h l s  exothermlc peak. The 
exothermic r e a c t l o n  for f i b e r s  brominated by l l q u l d  bromlne I s  much s lower  
t h a n  t h a t  brominated by vaporous bromine. Based on t h l s  r e s u l t  and t h e  w e i g h t  
da ta ,  f i b e r s  w l t h  h i g h  bromine c o n c e n t r a t l o n  were found t o  have a s lower  
exo the rm lc  r e a c t l o n  than those w i t h  l o w  bromine c o n c e n t r a t l o n .  T h e r e f o r e ,  
bromine i s  n o t  l i k e l y  t o  be a r e a c t a n t  o f  t h l s  r e a c t l o n .  
3 '  
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A l l  mass and e l e c t r l c a l  r e s i s t l v l t y  va lues  P-100, P-75,  and P-55 f i b e r s  
a f t e r  each t r e a t m e n t  descr ibed i n  t h i s  r e p o r t  a r e  sumnarlzed i n  Tab le  I. The 
r e s i s t i v i t y  va lues o f  p r i s t i n e  and bromine t r e a t e d  f i b e r s  a r e  a l s o  i n c l u d e d  i n  
t h i s  t a b l e  f o r  comparison. 
Comparing t h e  we igh t  data i n  Table I t o  t h a t  ob ta lned  by Nakaj lma e t  a l . ,  
t h e  p r o d u c t s  desc r lbed  i n  t h i s  r e p o r t  a r e  s tage  1, 2, and 3 mix-s tage 
compounds f o r  P-100 and P-75 f l b e r s ,  and s tage  6 or hi'gher f o r  P-55 f i b e r s .  
T a b l e  I a l s o  shows t h a t ,  d u r i n g  f l u o r i n a t l o n ,  P-100 f i b e r s  ga ined  more 
w e i g h t  i n  t h e  n i c k e l  environment t h a n  i n  t h e  CuF2 environment.  
ga ined l e s s  we igh t  i n  t h e  n i c k e l  environment t h a n  i n  t h e  CuFz env l ronment .  
Bu t  P-55 
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More work i s  needed t o  
o f  CuF and n i c k e l  d u r  
From Tab le  I ,  t h e  
bromine t r e a t e d  f i b e r s  
2 
determine t h e  reason f o r  such d l f f e r e n c e s  and t h e  r o l e  
ng the  f l u o r l n a t i o n  r e a c t i o n .  
atomlc r a t i o  va lues o f  a l l  unheated, f l u o r l n e  and 
were  c a l c u l a t e d .  From these  atomic r a t i o  va lues ,  t h e  
e m p i r i c a l  formulas o f  the i n t e r c a l a t e d  f i b e r s  were ob ta ined .  The suggested 
e m p l r i c a l  formulas and t h e  atom r a t i o  va lues  a r e  summarized I n  Tab le  11. 
These e m p i r i c a l  formulas suggest t h a t ,  a f t e r  f l u o r i n a t l o n  and b r o m i n a t i o n ,  one 
bromine atom and one o r  two f l u o r i n e  atoms formed s t a b l e  compounds w i t h  P-55 
f i b e r s ,  w h i l e  one bromine atom and t h r e e  f l u o r i n e  atoms formed s t a b l e  
compounds w i t h  P-75 o r  P-100 f i b e r s .  
p r e s e n t  I n  P-100 f i b e r s  bu t  was absent I n  P-55 f l b e r s .  
The DSC d a t a  con f l rmed  t h a t  B r F 3  was 
The f l u o r i n e  t o  carbon atom r a t i o  i n  f l u o r l n e  I n t e r c a l a t e d  P-100 and P-75 
f i b e r s  (0.053 t o  0.077, r e s p e c t l v e l y )  a r e  t w i c e  and t h r e e  t lmes o f  t h e  bromine 
t o  carbon atom r a t i o  I n  brominated P-100 and P - 7 5  f l b e r s  (0.026 i n  b o t h  cases, 
(Refs .  1 and 7 ) ) .  However, t he  e f f e c t  o f  f l u o r l n a t l o n  on e l e c t r i c a l  
c o n d u c t l v l t y  o f  these f i b e r s  (about  t h r e e  f o l d  i n c r e a s e )  i s  l e s s  t h a n  t h a t  
caused by b r o m i n a t i o n  (about f l v e  f o l d  i n c r e a s e ) .  T h l s  suggests t h a t  e i t h e r  
t h e  number o f  l n t e r c a l a n t  atoms per  charge t r a n s f e r  o r  c a r r i e r  m o b i l i t y  o f  
f l u o r i n e  i n t e r c a l a t e d  f l b e r s  I s  d i f f e r e n t  f r o m  t h a t  o f  brominated f i b e r s .  
The halogen t o  carbon atom r a t i o s  f o r  t h e  t h r e e  p a r t i c u l a r  f i b e r s  
d e s c r i b e d  i n  t h e  l a s t  paragraph a r e  1, 2, and 3 t lmes  0.026. I t I s  n o t  c l e a r  
whether t h i s  i s  a r e s u l t  o f  d i f f e r e n t  s tage  numbers f o r  these t h r e e  f i b e r s ,  
d i f f e r e n t  i n t e r c a l a n t  concen t ra t i ons  between t h e  carbon l a y e r s  f o r  t h e s e  t h r e e  
f i b e r s  o r  co lnc ldence.  
B r o m i n a t i o n  of f l u o r i n a t e d  f i b e r s  i n c r e a s e s  t h e  f i b e r  e l e c t r i c a l  
c o n d u c t l v l t y  i f  the f l u o r l n e  con ten t  i n  t h e  f l b e r  i s  l o w  and t h e  f i b e r  
s t r u c t u r e  i s  n o t  o r d e r l y  (e.g., f l u o r i n a t e d  P-55 f i b e r s ) .  However, a t  h i g h  
f l u o r l n e  c o n c e n t r a t i o n  I n  ordered f i b e r  s t r u c t u r e  ( e . g . ,  f l u o r i n a t e d  P-75 and 
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P-100 fibers deintercalated at room temperature), bromine reacts with 
fluorine, forms BrF reduces the amount of charge transfer between carbon 
and halogen, and therefore decreases the fiber electrical conductivity (Table 
1) - 
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Bromine does not react with P-55 fibers. However, fluorine In the 
presence of copper fluoride does react with P-55. 
intercalation, which produces C F fibers, the fluorinated P-55 fibers can 
react with bromine and produce fibers with electrical conductivity about three 
times the pristine value. This result is In parallel with a previous report 
showing iodine does not intercalate with pristine graphite, but can 
intercalate with the resldue compound of bromine intercalated graphite 
(Ref. 8). 
Furthermore, after fluorine 
52 
Bromination of fluorine intercalated P-55 fibers by liquid bromine 
produced fibers with sllghtly higher electrical conductivity, and much hlgher 
bromine concentratlon and thermal stability than those produced by vaporous 
bromine. Electrical resistance of fibers produced by liquid bromine increased 
2 percent after 3 days of exposure to 100 percent humidity and 60 "C. At 
200 "C In air, the electrical resistivity of this fiber kept increasing for 
more than 7 days and appeared to approach a certain value asymptotically. 
Seven days of 200 "C air heating caused a 3.7 percent increase i n  the average 
fiber resistivity. For industrial application of this fiber, the fiber needs 
to be stable at 200 "C for fabricating composite materials, and the processing 
time needs 'to be short. Therefore, heat treating the fibers to temperatures 
above 200 "C for a sho'rt time before composite fabrlcatlon is suggested. It 
was observed that after 3 days at 300 " C  in alr, the resistivity of these 
fibers increased 7.3 percent f 1 percent. Further heating at 200 " C  for 2 
weeks caused additional 1 percent resistivity increase. 
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S l m l l a r  t o  the DSC da ta  o f  t h e  f l u o r i n e  and brornlne t r e a t e d  P-55 ( F t g s .  2 
and 3 ) ,  t h e  DSC data o f  t h e  f l u o r l n a t e d  PAN f i b e r s  (T-300) showed t h e  same 
exothermlc r e a c t i o n  d u r l n g  t h e  f i r s t  h e a t l n g  scan, b u t  t o  a much l e s s  e x t e n t  
( F l g .  4 ) .  Except d u r l n g  t h l s  exothermlc r e a c t i o n  a t  120 t o  180 "C,  t h e  
d l f f e r e n c e  o f  t h e s e  t w o  scans Inc reases  w l t h  temperature,  w l t h  t h e  f l r s t  scan 
a t  h l g h e r  v e r t i c a l  p o s i t i o n  than  t h e  second scan. Th is  suggests t h a t  
e v a p o r a t i o n  From f l u o r l n a t e d  T-300 f i b e r s  occured d u r l n g  t h e  two h e a t l n g  scans. 
F i g u r e  5 shows t h e  e l e c t r i c a l  r e s l s t l v l t y  and f l u o r i n e  c o n c e n t r a t l o n  d a t a  
f o r  a l l  f l u o r l n a t e d  1-300 f i b e r s .  F l u o r i n a t i o n  Increases t h e  e l e c t r i c a l  
r e s l s t l v l t y  o f  these f i b e r s .  High tempera tu re  t r e a t m e n t  o f  t h e  f l u o r i n a t e d  
1-300 f l b e r s  reduces t h e i r  e l e c t r l c a l  r e s l s t l v l t y .  Heat ing these f i b e r s  I n  
vacuum a t  420 " C  f o r  3 hr and then  520 O C  f o r  3 h r  reduces t h e  f l b e r  w e l g h t  t o  
99 p e r c e n t  o f  t he  carbon weight  i n  t h e  unheated f i b e r s .  I t  a l s o  decreases t h e  
f l b e r  e l c t r i c a l  r e s i s t i v i t y  t o  t h e  p r i s t l n e  va lue .  l h l s  phenomenon was n o t  
observed by Nakashirna i n  t h e l r  work on more g r a p h l t l z e d  PAN f i b e r s  (Re f .  3 ) .  
I t  I s  t h e r e f o r e  be l l eved  t o  be r e s u l t i n g  f r o m  t h e  degree o f  g r a p h l t l z a t l o n ,  
n o t  f r o m  t h e  type o f  t h e  f i b e r s .  These d a t a  agree w l t h  t h e  DSC d a t a  d e s c r i b e d  
i n  t h e  l a s t  paragraph. They suggest t h a t  f l u o r i n e  was n o t  I n t e r c a l a t e d  wl th ,  
b u t  absorbed by, the 1-300 f l b e r s  d u r l n g  f l u o r l n a t l o n .  
CONCLUSION 
F l u o r l n a t l o n  o f  a PAN f i b e r  (T-300) a t  room temperature r e s u l t e d  l n  
decrease l n  f l b e r  c o n d u c t l v l t y  by a f a c t o r  o f  2. Vacuum h e a t l n g  a t  520 "C  on 
f l u o r l n a t e d  PAN (T-300) f i b e r s  reve rsed  i t s  c o n d u c t l v l t y  and mass t o  t h e  
o r l g i n a l  p r i s t l n e  values. 
F l u o r l n a t l o n  of  t h r e e  d l f f e r e n t  p i t c h  f l b e r s  (P-100, P-75, and P-55) a t  
room tempera tu re  I n  t h e  presence o f  CuF r e s u l t e d  i n  an i n c r e a s e  i n  f l b e r  
c o n d u c t l v l t y  by a f a c t o r  o f  4, 4, and 2, r e s p e c t l v e l y .  Vacuum h e a t j n g  canno t  
r e v e r s e  t h e l r  c o n d u c t l v l t y  and mass t o  t h e  o r l g l n a l  p r i s t l n e  va lues .  
2 
B r o m i n a t i o n  o f  f l u o r i n a t e d  h i g h l y  g r a p h i t i z e d  p i t c h  f i b e r s  (P-100) 
r e s u l t e d  i n  f i b e r s  c o n t a l n l n g  BrF3.  
decrease i n  f i b e r  e l e c t r i c a l  c o n d u c t l v i t y .  
T h i s  b r o m i n a t i o n  process caused a 
Less g r a p h i t i z e d  p i t c h  f i b e r s  (P-55) do n o t  r e a c t  w i t h  bromine. However, 
t h e  f i b e r s  do r e a c t  w i t h  f l u o r i n e  i n  t h e  presence o f  CuF2. Brominat ion  o f  
t h i s  l e s s  g r a p h i t i z e d  f l u o r i n a t e d  p i t c h  f i b e r  r e s u l t s  i n  f i b e r s  c o n t a i n i n g  
f l u o r i n e  and bromine atoms w i t h  f l u o r i n e  t o  bromine atomic r a t i o s  b e i n g  1 o r  
2. 
f l u o r i n a t e d  P-100 or P-75, brominat ion o f  f l u o r i n a t e d  P-55 r e s u l t s  i n  
i n c r e a s i n g  e l e c t r i c a l  c o n d u c t i v i t y .  
Accord ing  t o  DSC data,  t h i s  f i b e r  d i d  n o t  c o n t a i n  BrF3. U n l i k e  
I f  l i q u i d  bromine was used f o r  b r o m i n a t i n g  f l u o r i n a t e d  P-55, t h e  
brominated produc t  has e l e c t r i c a l  c o n d u c t i v i t y  t h r e e  t i m e s  o f  t he  p r i s t i n e  
va lue,  and i s  s t a b l e  a t  200 " C  a i r  and 100 pe rcen t  humid i t y  a t  60 "C,  making 
i t  s u i t a b l e  f o r  i n d u s t r i a l  a p p l i c a t i o n  env i ronments.  
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Res1 s t l v l  t y .  
p ~ - c m  
T o t a l  halogen t o  
carbon we igh t  
r a t l o  x 100 
TABLE I .  - ELECTRICAL RESISTIVITY AND HALOGEN CONTENT OF PITCH BASED 
FIBERS THROUGHOUT THE PROCESS OF FLUORINATION, HEATING, 
BROMINATION, AND FURTHER HEATING 
None 
B 
BH 
None 
6 
BH 
Flber  t y p e  
P r i s t i n e  r e s l s t l v l t y  
Brominated r e s l s t l v l t y .  
pR-cm 
F l r s t  s tep t rea tmen ta  
Second step t reatmentb 
P-1 00 
F 
- 
64 
Cl30 
111 
21 5 
6.5 
C27 
20.0 
9.2 
- 
- 
1 on 
250 
50 
P-75 
500 
100 
- 
FHH 
- 
729 
535 
555 
7.1 
- 
15.6 
12.6 
- 
P-55 
F 
- 
574 
C635 
379 
845 
3.0 
z1.4 
9.6 
1.9 
- 
900 
900 
- 
FH 
__ 
746 
7 58 
746 
1.8 
- 
6.2 
5.2 
- 
FH:F luo r lna t l on  f o l l o w e d  by 165 O C  h e a t i n g  I n  a i r  f o r  3 days 
FHH:Fluor lnat lon f o l l o w e d  by vacuum h e a t l n g  a t  420 "C f o r  3 h r  and t h e n  520 O C  
f o r  3 h r  
L : I d e n t i c a l  t o  F .  excep t  I n  t h e  subsequent b romlna t lon ,  l l q u l d  bromine was used 
f o r  3 days. 
bThe second s t e p  h a l o g e n a t i o n  
6:Bromlnat ion f o r  7 days 
6H:Bromlnatlon f o r  7 days f o l l o w e d  by h e a t i n g  a t  165 " C  a i r  f o r  3 days.  
t o  the r e a c t o r .  
f l u o r i d e  added t o  t h e  r e a c t o r  
A l l  o t h e r  b r o m l n a t i o n  use vaporous bromine f o r  7 days.  
CThese data were f rom t h e  f l u o r l n a t l o n  exper iment  w l t h o u t  copper  f l u o r i d e  added 
A l l  o t h e r  d a t a  were from f l u o r l n a t l o n  exper imen ts  w l t h  copper 
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TABLE 11. - ATOMIC RATIO AND EMPIRICAL 
FORMULAS FOR FLUORINE AND BROMINE 
TREATED, UNHEATED PITCH 
BASED FIBERS 
P-1 00 
P-75 
, P-55a 
1 P-55b 
F/Br  
3.1 
3.2 
1.9 
0.94 
C/F C/Br  S u g g e s t e d  
e m p i r i c a l  f o r m u l a  
19  59 C60BrF3 
1 3  42  C40BrF3 
52 49 CsoBrF 
52 99 C100BrF2 
aFrom v a p o r o u s  b r o m i n e  r e a c t i o n .  
bFrom l i q u i d  b r o m i n e  r e a c t i o n .  
- FIRST HEATING SCAN - - SECOND HEATING SCAN V W ul \ 
I il a V E 
.25 
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FIGURE 1. - DIFFERENTIAL SCANNING CALORIMETRY 
DATA ON HIGHLY GRAPHITIZED PITCH FIBERS (P-100) 
WHICH WAS FLUORINATED AND THEN BRONINATED BY 
SATURATED BROMINE VAPOR. 
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FIGURE 2. - DIFFERENTIAL SCANNING CALORIMETRY DATA 
ON ORDINARY PITCH FIBERS (P-55) WHICH WAS FLUORI- 
NATED AND THEN BROMINATED BY SATURATED BROMINE 
VAPOR, 
- WT: 1 . 8 4 m ~  
SCAN RATE: 40.00 DEG/MIN 
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FIGURE 3.  - DIFFERENTIAL SCANNING CALORIMETRY DATA 
ON ORDINARY PITCH FIBERS (P-55) WHICH WAS FLUORI- 
NATED AND THEN BROM I NATED BY LIQUID BROM I NE. 
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FIGURE 4. - DIFFERENTIAL SCANNING CALORIETRY DATA 
ON FLUORINATED POLYACRYONIYRILE (PAN) FIBERS 
(T-300). 
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FIGURE 5. - COMPOSITION AND ELECTRICAL RESISTIVITY 
OF FLUORINATED T-300 FIBERS AFTER 16 HOURS OF 
HEAT I NG . 
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